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Climate change, food security, and energy crisis are becoming more intense in our world. Oil palm can be utilized in both the food and biofuel industries. To respond to the crisis, it is necessary to develop palm oil products besides vegetable oil and biodiesel. This article focuses on the development of strategies to research oil palm throughout the supply chain in Thailand. The SWOT factors (the strengths, weaknesses, opportunities, and threats) are recognized via interviews with stakeholders. These stakeholders are feedstock producers, crude palm oil (CPO) producers, government agencies, biodiesel producers, palm oil refinery producers, and researchers. The results obtained from the data collection were analyzed and led to the formulation of strategies for future research on oil palm by the TOWS matrix. According to this analysis, future palm oil research framework strategies should consist of four categories: (1) oil palm management policy, developing regulation and economic instruments of various forms to systematically manage the oil palm industry, and applying big data and smart innovation to analyze market behavior; (2) oil palm breeding and production technologies, developing smart innovation in line with farmers’ lifestyles, and supporting research on oil content analysis and harvesting technology; (3) oil palm biomass conversion technologies, assessing environmental impacts through life cycle technology, evaluating the potential reduction of greenhouse gas emissions, and increasing the consumption rate of palm biomass; and (4) palm-based oleochemical products, developing oleochemical technology at the industrial level, expanding the potential capacity of producing oleochemical derivative products, and increasing the consumption rate and value added of CPO. All four frameworks were detailed and revised in line with the information obtained from seminars, comments, and interviews to meet the needs of all stakeholders. This framework will help drive the Bio-Circular-Green economy model in the future.
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INTRODUCTION
The world faces global climate change and food and energy crises. The increase of food and energy prices affects commodity prices, threatening to exacerbate food insecurity in developing countries (Khoiruddin et al., 2021). Based on the climate risk index, Thailand is cited as one of the 10 most climate change-affected countries in the world (Eckstein et al., 2021).
Oil palm is relevant in both the food and biofuel industries. It is an important agro-industry on a global scale considering the increase in both production volumes and consumption rates (Hoffmann et al., 2017). As a country with suitable geography for palm plantations, Thailand continues to focus on developing its oil palm and related industries. The palm oil market in Thailand is 88% domestic, 2% exported, and 10–12% stocked. The domestic market is divided into three product categories: 35% food production, 45% biodiesel, and 20% other products (DIT, 2017).
The main energy supply in Thailand comes from six fuel types, such as oil (40.28%), natural gas (26.81%), biofuel and waste (19.99%), coal (11.96%), wind and solar (0.56%), and hydro (0.41%) (IEA, 2022). The trend of using bioenergy is continually increasing in response to government policies that support it. Palm oil plays an important role for blending in diesel fuel to produce biodiesel.
According to the resolution of the National Palm Oil Policy Committee of Thailand, the suitable crude palm oil stock level of Thailand should be 0.25 million tons (OAE, 2017). However, in 2018, Thailand’s crude palm oil stock was 0.47 million tons, which is well above the ideal level. Consequently, the average price of crude palm oil in Thailand fell from 24.9 baht per kilogram (0.72 USD/kilogram) in 2017 to 19.6 baht per kilogram (0.62 USD/kilogram) in 2018. The oversupply of crude palm oil prompted the Thai government to take measures to increase the consumption of crude palm oil.
To increase the rate of palm oil consumption, the Thai government set biodiesel B10 as the fundamental diesel oil at petrol stations to help absorb excess supplies of palm oil; however, biodiesel B7 and B20 are still allowed for older vehicles (Prasertsri and Chanikornpradit, 2021).
In addition, the government issued a measure to mix palm oil with bunker oil to generate electricity and boost palm oil prices (Raksaseri, 2021). However, these measures are short-term and have implications on the national budget. This is because the cost of using crude palm oil (CPO) as a power generation fuel is much higher than that of natural gas, which is the primary fuel for electricity generation in Thailand.
In contrast, Thailand recently faced high CPO prices due to the low production of vegetable oil in the world market and an increase in biodiesel production stemming from commitments from several governments, including Brazil, Germany, the United States, and Indonesia. It is expected that the CPO price in Thailand will reach 44 baht per kilogram (1.38 USD/kilogram), which is double of that in 2017. Volatility in CPO prices, which can cause uncertainty to a country’s overall economic growth, is an extremely important issue to be addressed (Dutta et al., 2021).
Besides the economic issues in the palm oil industry, the sustainability of the palm oil supply chain has been attended over the past 5 years. Rapid growth in demand for palm oil has led to high rates of deforestation and deeply inequitable socioeconomic circumstances (Bateman et al., 2022). Therefore, major users of palm oil are putting a lot of effort into raising the amount of sustainable palm oil they buy. The Roundtable on Sustainable Palm Oil (RSPO) is a nonprofit organization that was founded in 2004 with the goal of promoting the growth and usage of sustainable oil palm products by establishing reliable worldwide standards and engaging stakeholders. It is the most widely recognized certification standard for palm oil and its fractions in food and oleochemicals (EFECA, 2015). RSPO is organized into three impact areas: prosperity, people, and planet. There are seven principles distributed in each impact: (1) behave ethically and transparently; (2) operate legally and respect rights; (3) optimize productivity, efficiency, positive impacts, and resilience; (4) respect community and human rights and deliver benefits; (5) support smallholder inclusion; (6) respect workers’ rights and conditions; and (7) protect, conserve, and enhance ecosystems and the environment (RSPO, 2020). After RSPO was introduced in 2004, Malaysia and Indonesia launched their own scheme related to the sustainability of the palm oil industry.
The Malaysian Sustainable Palm Oil (MSPO) is the national scheme in Malaysia for oil palm plantations, independent and organized smallholdings, and palm oil processing facilities to be certified against the requirements of the MSPO Standards (MPOCC, 2022). The goals of MSPO are similar to those of RSPO, but it eliminated ineffective processes, particularly in the legal area, which is regulated separately in Malaysian law (Mansor et al., 2016).
The Indonesian Sustainable Palm Oil (ISPO) was founded in 2011 to ensure that all Indonesian oil palm growers adhere to higher agricultural standards. Its purpose is to improve the long-term viability and competitiveness of the Indonesian palm oil industry while also ensuring the production’s sustainability, particularly in the prevention of palm oil-related problems (Hidayat et al., 2018). ISPO requires all oil palm growers in Indonesia, from large plantation businesses to smallholders, to follow the standard. It is a mandatory scheme in Indonesia (Astari and Lovett, 2019). Seven principles of the ISPO are (1) licensing system and plantation management, (2) the application of technical guidelines for palm oil cultivation and processing, (3) environmental management and monitoring of oil palm plantation, (4) responsibilities for workers, (5) social and community responsibility, (6) strengthening community economic activities, and (7) sustainable business development (Umayah et al., 2021).
Thailand also tries to launch its own model related to palm oil sustainable consumption in the scheme of Thailand Sustainable Palm Oil (TSPO); however, it has not yet been officially announced. From the foregoing, it can be seen that the palm industry is under pressure both economically and environmentally.
For these reasons, policies related to diversifying palm oil consumption should be generated to discover new ways of utilizing palm oil products to balance supply and demand in the palm oil industry. The Bio-Circular-Green economy model (BCG economy model) has been introduced by the research community and promoted by the Thai government to transform a new economic model for inclusive and sustainable growth, in line with the UN Sustainable Development Goals (SDGs) (Naksomsong and Pongsupatt, 2021). The model focus on four sectors, namely, 1) food and agriculture, 2) medical and wellness; 3) bioenergy, biomaterial, and biochemical; and 4) tourism and creative economy (NXPO, 2020). The BCG model is different from other concepts because this model proposes the development of bioeconomy, circular economy, and green economy simultaneously to drive Thailand’s economy in a concrete manner. This model will play an important role to transform Thailand into a value-based and innovation-driven economy that can come out of the middle-income trap (Meiksin, 2020). Utilizing biodiversity and cultural diversity as a basis for developing the nation and improving people’s quality of life is also the main concept of this model. Many previous works focus on the one-by-one concept, while the BCG model integrated all three main concepts to drive the sustainable economy of the country.
Several studies have focused on how biodiesel policies related to palm oil consumption impact the environment. Permpool et al. (2016) revealed that about 91,200 ha of additional land was needed for the oil palm plantation for AEDP targets of 2021 for biodiesel. This will lead to an annual greenhouse gas (GHG) saving amount of 115,882 tCO2-eq. The East and South were identified as the most potential regions. Chanthawong and Dhakal (2016) investigated the stakeholders’ perceptions of biodiesel and bioethanol policy using SWOT-AHP-TOWS analysis. They found that government policy and regulation are the key important factors to manage the price of biofuel; in addition, balancing the positive and negative impacts among economic, environmental, and social issues should be concerned. Lecksiwilai and Gheewala (2020) use life cycle assessment (LCA) to evaluate the environmental trade-offs of biofuels in Thailand. They indicated that biofuels have lower impacts than fossil fuels when determining only GHG, while it became worse than fossil fuels when pesticides and land impacts were included. To prevent problems shifting from some impacts to other impacts, all environmental impacts should be concerns. During policy formulation or selection of potential mitigation measures, it is recommended to apply LCA as a tool for decision-making. Siangjaeo et al. (2011) study on the GHG emission of land-use change from palm biodiesel production in Thailand. They indicated that the land-use change shows a negative GHG balance in all scenarios. Therefore, biodiesel helps to reduce GHG. However, they suggested that appropriate data on fertilizer production and application should be considered for further study as there are data limitations in Thailand.
Other studies have focused on policy decision-making pertaining to palm oil production sustainability. Jamaludin et al. (2018) developed a palm oil mill sustainability index to assess the sustainability performance of palm oil mills against benchmarks. Jensen et al. (2019) proposed an innovative fully integrated Macroeconomic-Environmental-Demographic-health (MED-health) in Thailand, which indicated that the food policy research should include both food and non-food policy indicators. Saswattecha et al. (2017) reported that the environmental sustainability of Thai palm oil production could not avoid future impacts if applying only cost-effective options. A novel integrated decision model for determining biodiversity losses was studied by Tapia and Samsatli (2020). However, there are no studies on the development of research strategies on palm oil throughout the supply chain. This is particularly important for developing countries to compete in the global palm market.
To fill this gap in the literature, this study investigates how palm oil research strategies throughout the supply chain in Thailand can be improved using SWOT (strengths, weaknesses, opportunities, and threats) analysis and TOWS matrix methodologies. The objectives of this study were to (1) identify the weaknesses, strengths, opportunities, and threats of the research framework of palm oil in Thailand that are relevant for the transition to the BCG economy model and (2) propose strategies to develop a research framework on palm oil in the transition to a sustainable, circular bioeconomy.
THEORETICAL FRAMEWORK
Palm Oil Research Framework
In this study, we focused on the research framework supported by the Agricultural Research Development Agency (ARDA), which is a public organization. ARDA is under the supervision of the Ministry of Agriculture and Cooperatives, which has the mission of promoting, supporting, and developing agricultural research and information (ARDA, 2018). Palm oil is an important agricultural product in Thailand. Between 2013 and 2017, ARDA supported 140 research projects relevant to the palm oil supply chain, which were divided into four frameworks: (1) palm oil management policy, (2) oil palm breeding and production technologies, (3) environmental impact assessment of the palm oil industry, and (4) palm biomass and palm oil value-added technologies. To improve palm oil research strategies throughout the supply chain in Thailand, each framework was analyzed to identify a problem in the palm oil supply chain that has not been answered by any of the existing research.
Strengths, Weaknesses, Opportunities, and Threats Analysis and TOWS Matrix
Improvement is an inevitable part of policy planning. Identifying the relevant strengths, weaknesses, opportunities, and threats is conducive to more efficient policy planning and action. In the area of policy planning, SWOT analysis has been recently used to (i) find strategies toward a sustainable forest-based bioeconomy in Italy (Falcone et al., 2020), (ii) formulate solutions for edible oil waste from farm to table in Iran (Salmani et al., 2021), and (iii) study the utilization of forest residues as biomass in Turkey (Kurt, 2020).
There are three primary steps to creating a SWOT analysis: (1) gather all currently available information on the strengths and weaknesses of the existing situation, including pertinent data. All information was gathered through (1) interviews and brainstorming sessions; (2) identifying all potential opportunities and threats to the development of the research framework, including future trends and technology; and (3) prioritizing each aspect in each of the four categories in the SWOT matrix. In addition, the TOWS matrix is used in this study to generate a strategy. The TOWS matrix improves the systemic deployment of strategies by considering the relationships between strengths, weaknesses, opportunities, and threats. A matrix called the TOWS matrix can be used to replace the effects of internal and external influences. The TOWS matrix aids in the methodical identification of links between threats, opportunities, weaknesses, and strengths and also provides a framework for developing strategies based on these relationships (Aslan et al., 2012).
SWOT and TOWS are different in that SWOT focuses on the internal environment (strengths and weaknesses), whereas a TOWS matrix focuses on the external environment (opportunities and threats). To achieve the objectives of this study, SWOT and the TOWS matrix were used to examine the internal (i.e., strengths and weaknesses) and external factors (opportunities and threats) in each framework to develop the proposed strategies.
METHODS AND DATA
The research methodology used in this study consists of an in-depth literature review and a SWOT analysis. The details of each section can be described as follows.
In-Depth Literature Review to Identify the Research Gap
To understand the status of the palm oil research framework funded by ARDA, we reviewed 140 research projects supported by ARDA from 2013–2017. For each project, we constructed a matrix of stakeholders of the palm oil value chain to identify the user in each project. Users were divided into four categories: (1) farmers, (2) palm oil mills, (3) palm oil refineries and biodiesel, and (4) oleochemical industry. Then, in each framework, we analyzed the research gap to propose the recommendation for improving the research framework.
Strengths, Weaknesses, Opportunities, and Threats Analysis
To collect data identifying the relevant SWOT factors for each category, the respondents were interviewed using open-ended questionnaires (Survey I). The example of questionnaires can be found in Supplementary Appendix SA. To guide policy development, perceptions were collected via snowball sampling from six stakeholder groups: (1) feedstock producers, (2) crude palm oil producers, (3) government agencies, (4) biodiesel producers, (5) palm oil refinery producers, and (6) researchers. The list of participants was gathered from personal contacts; the RSPO global membership list; a database of researchers from ARDA; journal publications; the Thai Biodiesel Producer Association; and contacts at palm oil mills, palm oil refineries, and oleochemical plants in Thailand.
The sample groups were selected by snowball random sampling (Etikan et al., 2016), which was stopped when the collected data were sufficient to conclude the result of SWOT factors. The questionnaires asked respondents to think about the factors that could encourage or discourage the commercialization of research results and suggestions for future research guidelines for the development of palm oil supply chains. Suitable response questionnaires were received and analyzed in a more concise and manageable SWOT table. The sample sizes in each group of stakeholders are shown in Figure 1.
[image: Figure 1]FIGURE 1 | Sample sizes in each group of stakeholders.
In Survey II, the respondents were invited to participate in the seminar focus group, and open-ended questionnaires were sent to individuals to discuss and prioritize the SWOT factors. The next step of SWOT is a TOWS matrix to develop strategies based on the relationships between threats, opportunities, weaknesses, and strengths identified from the SWOT analysis (Aslan and Bozkurt, 2010). The strategies obtained from the TOWS matrix can be divided into four categories (Chanthawong and Dhakal, 2016):
1) WT Strategy (Min-Min) – this strategy employs to minimize both weaknesses and threats.
2) WO Strategy (Min-Max) – this strategy attempts to minimize the weaknesses and use chances from the external environment.
3) ST Strategy (Max-Min) – this strategy employs the strengths to deal with threats from the environment.
4) SO Strategy (Max-Max) – this strategy aims to use both strengths and opportunities for taking advantage of chances.
The respondents were asked to discuss and formulate strategies in this section. The first draft of the palm oil research framework strategy was validated by experts in the field (Survey III). The SWOT matrix was checked by means of two interviews with experts affiliated with the Agricultural Research Development Agency and the Office of Agricultural Economics. The interviews were conducted from June to July 2020. This process led to an improved version of the SWOT analysis and a refinement of the identified strategies. An overview of the methodology of this study is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Overview of the methodology in this study.
After applying the proposed framework, there are ways to evaluate the outcome and impact as follows: (1) Outcome: the evaluation of the proposed framework outcome can be tracked by academic results, for example, the number of article publications related to the issue contained in the proposed framework and the number of patents. In the case of technology outcome, it should be evaluated in terms of the number of new products and technology sales revenue; (2) Impact: the evaluation of the impact is based on the effect of research results in a wide range for the economy, society, and environment. Gross domestic product (GDP) and upgrading the quality of life are the example criteria for evaluating the impact of the research framework.
RESULTS AND DISCUSSION
Strengths, Weaknesses, Opportunities, and Threats Analysis
In this study, the representatives of six stakeholder groups were selected, and invitation letters were sent to representatives to participate in the SWOT survey and in-depth interviews.
The results of the SWOT survey show that 77% of respondents perceived the clear structure of the palm oil industry and understood that the Thailand Oil Palm Board supervises and sets appropriate policy guidelines. The wide range of expertise for researchers and policymakers was a strength of palm oil management policy in Thailand. Likewise, 83% of respondents perceived that the lack of research output to develop policy frameworks, integrating policy knowledge for relevant personnel with specific expertise, and applying data science in policy research were the weaknesses. In the case of opportunities, 67% of respondents perceived that policy support from the government (e.g., pushing the oleochemical industry to replace raw materials in the petrochemical industry and using palm oil as an energy source in biodiesel) was the opportunity. Last, 82% of respondents perceived the difficulty of controlling small- and medium-sized palm producers, reducing biodiesel consumption stemming from policies promoting electric vehicles, and fluctuating global crude palm oil prices as threats. The results are shown in Table 1.
TABLE 1 | SWOT analysis on palm oil management policy.
[image: Table 1]Table 2 shows the SWOT analysis of oil palm breeding and production technologies. Up to 81% of respondents perceived that farmers’ willingness to support research projects, a strong group of palm producers, the Thai climate, and an environment suitable for developing palm species were strengths. Meanwhile, 80% of respondents perceived that a lack of purchasers’ awareness of improper palm plantation, high fertilizer and labor costs, and a lack of palm species and palm plantation management knowledge were weaknesses. For opportunities, 74% of respondents perceived that the increasing trend of sustainability standards for consumer products, lower prices of palm oil, and the need for technology to analyze palm oil were opportunities. Last, 70% of respondents perceived that unanticipated and poorly planned government actions, fluctuations in price and volume of palm oil, and the aging society in Thailand were threats.
TABLE 2 | SWOT analysis of oil palm breeding and production technologies.
[image: Table 2]As shown in Table 3, 67% of respondents perceived the palm oil database of GHG emissions, palm oil entrepreneurs being in the hotspot of energy and emissions, and the efficiency of treating wastewater systems in Thailand as strengths. On the other hand, 65% of respondents perceived that the lack of research projects tackling problems in the oil palm industry, the lack of applicable research output to the oil palm industry, and the lack of LCA research on fertilizers and pesticides were weaknesses. Similarly, 65% of respondents perceived that government policy on using palm biomass as fuel for power plants and palm plantations certified by RSPO were opportunities. Last, 69% of respondents perceived that the trends of stricter EU renewable energy legislation, environmental conservation, and reducing consumption of saturated fats were threats.
TABLE 3 | SWOT analysis of the environmental impact assessment of the palm oil industry.
[image: Table 3]Strength factors, such as government and private sector services, increase the knowledge of oil palm plantations to farmers, and the exchange experience between successful farmer groups and other farmers was perceived by 80% of respondents, as shown in Table 4. For weakness factors, ineffective enforcement regulations for palm oil bunch collection centers and the lack of a monitoring system for improving farmers’ ability were perceived as weakness factors by 53% of respondents. For opportunities, 67% of respondents perceived that foreign funding sources, government policy, and producers in the supply chain giving premium prices for RSPO products were opportunities. On the other hand, 88% of respondents perceived that the ambiguous policy approach on RSPO and the voluntary standard of palm oil sustainable programs were threats.
TABLE 4 | SWOT analysis of palm oil quality standards and process management.
[image: Table 4]Table 5 shows the SWOT analysis of palm biomass and palm oil value-added technologies. Up to 58% of respondents perceived that research output was sufficient for utilizing waste from the oil palm industry, waste utilization technology for the palm oil industry reducing the cost of waste management, and energy management were strengths. Regarding weaknesses, 69% of respondents perceived that the lack of pilot-scale technology and the lack of entrepreneurs’ confidence were weaknesses. BCG economy policy and the expanding market of environment-friendly products were perceived by 58% of respondents as the opportunity. Similarly, 58% of respondents perceived that the higher cost of producing CPO and the vague roadmaps of utilizing palm biomass wastes were the threats.
TABLE 5 | SWOT analysis of palm biomass and palm oil value-added technologies.
[image: Table 5]Policy Implications of Strengths, Weaknesses, Opportunities, and Threats Analysis Using the TOWS Matrix
Possible policies to develop oil palm and palm oil research throughout the supply chain in Thailand are shown in Table 6. Strategies (SO, ST, WO, and WT) are suggested in potential areas of policy development. Each strategy was formulated by pooling between the high-scoring factors in the SWOT category.
TABLE 6 | TOWS matrix applications to the future research framework palm oil supply chain.
[image: Table 6]Palm Oil Management Policy

1) Driving the oleochemical market to replace fossil-based substrates (SO strategy): The potential long-term measures in this strategy may include reducing taxation for businesses in the oleochemical industry and providing financial incentives to support investment and production of oleochemical products in the palm oil supply chain. Governments should raise long-term awareness of using products that promote a green economy and focus on job creation and economic growth while minimizing environmental impact. Using oleochemical products to replace fossil-derived products will reduce the overall GHG emissions of the country and reduce the loss of income from the import of petroleum products from abroad (Chin et al., 2021).
2) Encouraging palm oil producers to control the quality and cost of production (ST strategy): Measures in this strategy are enhancing yield per hectare, a palm plantation management system, efficient use of fertilizers, and controlling weed and plant diseases. Reducing the cost of palm plantation management will increase the competitiveness of palm producers (Munasinghe et al., 2019). The reduction of transportation costs is an important part of the palm oil industry. In addition, contact farming is another process that allows farmers to trade directly with industrial plants, which can reduce the problem of middlemen.
3) Driving the oil palm industry to take concrete research results in creating the oleochemical market (WO strategy). This strategy will encourage the oil palm and palm oil industry to apply the research results at the industrial level to produce new products with a higher value and greater environmental friendliness (Syarifudin and Zareen, 2021). Measures may include providing the flexibility of research licenses to the industry that can be used for trial production and cost-effectiveness considerations. In addition, the transfer of knowledge from researchers to the industrial sector should be encouraged in a more concrete manner.
Oil Palm Breeding and Production Technologies

1) Driving small-scale farmers to form strong groups for sustainable oil palm production (SO strategy): More than 80% of the total area under oil palm production is cultivated by small-scale farmers or smallholders who have limited knowledge of sustainable farming practices (e.g., applying organic material and optimizing fertilizer use) (Saswattecha, 2019). Therefore, the Thai government should expand sustainable palm oil production rapidly through certification of an entire jurisdiction. Measures that may be included in this strategy are creating qualified national instructors, enhancing oil palm smallholders’ capacities in sustainable farming practices, and promoting cooperation along the value chain for smallholder engagement to increase awareness of sustainable palm oil in Thailand.
2) Applying technology to replace human labor to avoid labor shortages due to an aging society and the pandemic COVID-19 virus (ST strategy): Currently, it is very difficult to find the labor for palm plantations, and most of the plantation workforce are migrant workers. In addition, the COVID-19 pandemic is further exacerbating the situation due to the national lockdown. The shortage of oil palm harvesters will affect the oil palm yields and the cost of palm oil plantations. Using harvesting technology, for example, data gathered by ICT for providing real-time operations and forecasting and enhancing workers’ productivity by applying new technologies (Rahim et al., 2011), can be a measure of this strategy.
3) Information technology systems should be applied to control palm plantation management or smart palm plantation management to increase yield per hectare (WO strategy). Unmanned aerial vehicles (UAVs) can be the option for this strategy. It can carry out observations of individual palms and can operate unnoticed and under cloud cover (Zheng et al., 2021). UAV technology can be adapted for oil palm plantations, for example, yield mapping and monitoring, using thermal cameras for automated airborne pest monitoring, and using very high-resolution optical images for identifying and counting specific insects (Shamshiri et al., 2018). Other recommendations are as follows: (1) integration of localized Internet of Things (IoT) devices to monitor moisture and nutrients in soil properties, (2) optimization of harvesting plans and routes by detecting ripped fruit and cloud computing with IoT devices, and (3) forecasting fresh palm fruit generation using IoT and big data analysis (Lim et al., 2021).
4) Promoting the creation of markets related to the domestic oil palm supply chain to reduce the risk from the volatility price of the world palm oil market (WT strategy): Palm fruit and CPO price variabilities have become a serious problem for palm oil producers in Thailand (Mukherjee and Sovacool, 2014). The government comes up with measures to intervene in the market price to help prop up prices from time to time. In this situation, the creation of a market of multiple products from the oil palm supply chain can relieve the risk of price volatility. The palm biomass market should be encouraged because its characteristics can be converted to multiple products (energy, chemicals, and materials) (Abdulrazik et al., 2017). In addition, the demand for oleochemical products, such as pharmaceuticals, cosmetics, and industrial chemicals, is expected to increase by 5.1% annually in the Asia-Pacific region (Elsevier, 2015; Khatiwada et al., 2021). Therefore, measures to create an oleochemical market were suggested.
Environmental Impact Assessment of the Palm Oil Industry

1) Encouraging research on environmental impact assessment from using palm biomass as fuel to generate electricity (SO strategy): It is already known that palm biomass has the potential as a fuel for producing electricity to operate in a mill or sell to the grid. Therefore, the data on environmental impacts should be prepared to create awareness and the prevention of that activity. LCA research on palm biomass should be a measure to operate under various technologies for comparison (Anyaoha and Zhang, 2021; Siregar et al., 2021).
2) Focusing on research and standardization, operational guidelines for biomass power plants using empty palm bunches as fuel (ST strategy): Biomass power plants using empty palm bunches as fuel are gaining popularity, although operational guidelines are unclear. In Thailand, there are four technologies for converting biomass to energy: direct-fired, co-firing, gasification, and pyrolysis technology. Therefore, it is necessary to have research related to standardization for the operation of those power plants. The measures included in this strategy formulate guidelines for the surveillance of areas at the risk of air pollution from palm biomass power plants and the standard for the quality and price of biomass pellets (Salleh et al., 2018).
3) Promoting research on the impact assessment of fertilizers and pesticides from palm plantations to communicate information on the environmental friendliness of Thai palm to foreign countries (WO strategy): The hotspot of environmental loads for producing the final products of the oil palm supply chain was the agricultural stage and milling stage, approximately 81–92% of the overall environmental loads (Phuang et al., 2021). To increase the competitiveness of Thai palm growers, the optimal level of chemical fertilizer, pesticide, and herbicide use should be evaluated. It not only helps oil palm producers to understand the environmental impact of overuse of fertilizers and pesticides but also helps oil palm producers to reduce production costs.
4) Accelerating the implementation of environmental impact assessment research using LCA principles to identify the sources of pollution and propose solutions to manage it (WT strategy): To avoid environmental pollution and create a suitable strategy for waste management in the palm oil industry, the green approach with less environmental impact should be selected by LCA as a tool for decision-making and management. The application of LCA with palm oil extraction and refinement, including the oleochemical process, should be an important measure (Ghazali et al., 2021).
Palm Biomass and Palm Oil Value-Added Technologies

1) Promoting the application of biomass waste from palm oil mills is used in palm plantations to reduce fertilizer and pesticide costs (SO strategy): It is well known that only 20% of 1 ton of a fresh fruit bunch of oil palm can be extracted to produce palm oil, and the rest is biomass and water. Repurposing palm biomass, which has various applications, on palm oil plantations should be a part of this strategy. For example, palm oil empty fruit bunches and palm oil mill sludge can be used to produce organic fertilizers (Hisham and Ramli, 2021; Sudradjat and Diansyah, 2021). Palm oil mill sludge can also be used to enhance the growth and vigor of oil palm seedlings during the nursery stage (Ramachandrudu, 2020). The ash of oil palm empty fruit bunches can be used as a source of potassium for producing NPK fertilizers (Arfiana et al., 2021).
2) Waste processing technology from the oil palm industry should be used to utilize wastes as raw materials for other industries (ST strategy). Various technologies have been applied with different waste types to convert solid biomass waste and palm oil mill effluent (POME) into bioenergy and valuable products (Al-samet et al., 2021), such as dried long fiber for matting, pallets, briquettes, biofertilizer, and biofuels. Commercializing this technology will lead to zero waste in the palm oil industry (Harun et al., 2022). The government should support the recycling business using tax incentives and flexible regulation of palm oil industrial waste, which are important components of this strategy.
3) Establishing the pilot plant development institute for testing palm oil innovation products (WO strategy): The major barrier for transferring research products to commercialization is the risk of scaling the production line from the laboratory level to the industrial level. Therefore, it is necessary to test the research product at a pilot scale to collect data and adjust the problems before investing in the industry as experiments at the pilot plant level require a relatively high level of investment. The government should establish an institute that performs this function for the palm oil industry, which will promote and expand more research outputs to industrial sectors.
4) Providing business pitching for researchers to present innovations to users (WT strategy): Research outputs of utilizing palm biomass have the potential to scale up for commercialization; however, matching with investors is still lacking. Malaysia is a good role model for establishing innovation pitches and business matching (Ismail, 2019). This event will facilitate research output matching with investors, which will lead to the emergence of new businesses in the palm oil industry.
CONCLUSION AND POLICY IMPLICATION
In the current study, we have used the SWOT-TOWS matrix to analyze stakeholders’ perspectives and provide ideas for further policy development on the future research framework palm oil supply chain in Thailand. The findings from in-depth interviews and semi-structured questionnaires in this study showed the strengths, weaknesses, opportunities, and threats of each research framework. This study also provides potential strategies for the future research framework palm oil supply chain in Thailand suggested through the stakeholder analysis.
All issues above provide new ideas and address shortcomings of the current market and policies to promote palm oil development. To fill the gap in the literature and develop a sustainable palm oil industry, a future research framework palm oil supply chain in Thailand was proposed, as shown in Figure 3.
[image: Figure 3]FIGURE 3 | Schematic diagram for the future research framework palm oil supply chain in Thailand.
This framework consisted of four categories: (1) palm oil management policy, developing regulation and economic instruments of various forms to systematically manage the oil palm industry, and applying big data and smart innovation to analyze market behavior; (2) oil palm breeding and production technologies, developing smart innovation in line with farmers’ lifestyles, and supporting research on oil content analysis and harvesting technology; (3) oil palm biomass conversion technologies, assessing environmental impacts through life cycle technology, evaluating the potential reduction of GHG emissions, and increasing the consumption rate of palm biomass; and (4) palm-based oleochemical products, developing oleochemical technology at the industrial level, expanding the potential capacity of producing oleochemical derivative products, and increasing the consumption rate and value added of CPO. Palm-based oleochemical products are a new category in this framework that will be an important complement to a truly integrated palm oil industry and can help stabilize the industry’s supply and demand. The framework will be operated through three main strategies: 1) palm oil smart farmer, 2) fully oleochemical industry, and 3) oleochemical market driven by regulation. Finally, this framework will help drive the BCG economy model in the future. Although we have good strategies to increase the value of palm oil and promote sustainable palm oil production throughout the supply chain, the adoption and flexibility of palm oil policies are still crucial to maintaining a balance between food and energy. External factors are important variables for considering oil palm policy actions, for example, war, climate changes, and disease outbreaks. Supporting sustainable palm oil can reduce deforestation. Although Thailand has not dominated in this problem as most of the palm plantation area comes from wasteland and agricultural land, the adoption of responsible practices to small-scale farmers can make it possible for them to receive global certification (i.e., RSPO certification), which will gain opportunities to access international markets.
The study on social sciences or policy study is normally hard to reproduce the results but does not mean those studies were wrong, except it kind of does. Due to the fact that many factors cannot be completely controlled (for example, the economic situation, the mindset of respondents, the existing problem of the palm oil supply chain, location, and others), the result of experiments can be different when the experiment is replicated. The result of policy research is dynamic; especially, it depends on the time intervals of the study. However, readers will benefit from the researcher’s point of view on resolving the situation at that time and can use it as a guideline to develop better solutions in the future.
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plantations to the farmers

There are services providing by successful farmer groups to other farmers for exchanging experience of oil paim plantation
There is amanagement system to enhance knowledge and implementation to increase agricultural productivity from RSPO
grouping

Some palm il mills have the policy to buy oil palm from RSPO-certified farmers at a higher price than the purchase price in
front of the factory

Entrepreneurs of oil paim bunch collection centers are not yet in a system where standards and management systems can
be effectively enforced

Lack of systems and mechanisms for monitoring, reviewing, and evaluating the resuls of farmer grouping that can actually
improve smallholder farmers’ abilty to increase productivity

Farmers' attitude focuses on the compensation of the group and not to increase their knowledge of paim plantation
management

There are no economic data on RSPO and TSPO.

“The requirements of the system of standards, structures, and policies are not practical n the area because the costs of each
farmer are not the same

There are foreign funding sources to help farmers implement the RSPO.

The government has a policy to support the integration of farmers

Producers in various supply chains of o paim are wiling to support and provide premium prices for farmers who have joined
the RSPO group

Ambiguous approach to government support for RSPO integration

The standard systems are only voluntary and therefore have little impact on the decisions of farmers

Livelinood problems and diaily lfe of farmers are the main problems that farmers are more concerned with than the problem
of RSPO integration
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Issues

There is the readiness of research output for utilizing wastes from the oil paim industry
‘The application of technology to the palm il industry waste can reduce the cost of waste and energy management

Lack of expanding research resus at the pilt plant level to ensure that investors are confident in new technologies
Palm oil mill entrepreneurs lack confidence in investing in projects that can add value to crude paim ol
Entrepreneurs do not have the confidence to take risks in producing products from waste

Processed waste products do not create much value, thus not attracting investment

“Thai government supports the BCG economy
Expansion of the market of natural and environment-friendly products
Thailand has a petroleum refinery industry which can be applied for the biorefinery of crude paim i

The cost of producing crude paim ol in Thailand is higher than that in Malaysia and Indonesia.
‘The government has no clear goals and roadmaps for the utiization of waste products and the value adding of crude paim o
The market for seling crude palm oil is highly competitive (Red Ocean)
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